A method is described for the preparation of magnesium carbonate particles in a nonaqueous hydrocarbon environment. The particles were stabilised in the colloidal sense by the adsorption of an alkyl-aryl sulphonic acid. The particle morphology and particle-size distribution were examined by small-angle neutron scattering. It was concluded that the particle structure was of the coreshell type, with a core particle of basic magnesium carbonate, radius ca. 40 A, and a shell of thickness ca. 13 A. The results suggested that the latter was predominantly that of the alkyl-aryl part of the stabilising moiety.
Introduction
Dispersions of inorganic materials in nonaqueous media are widely used in industrial practice and, in this context, alkaline earth carbonates stabilised by surface-active agents form an important group. They are frequently used as additives to lubricating oils in order to neutralise acids formed during the combustion of sulphur-containing fuel in internal combustion engines. The technical aspects of this process have been considered elsewhere [1] [2] [3] [4] .
From the viewpoint of the colloid scientist, they form an interesting group of model dispersions that contain particles of the core-shell type, i.e., a core particle of the alkaline earth carbonate surrounded by a shell of a surface-active agent. There is, therefore, considerable interest in the structure of the particles, the origin of their colloid stability [5] and their behaviour in concentrated dispersions [6] .
In previous work, parts 1 to 4 [7-10], we have investigated the nature and behaviour of calcium carbonate particles stabilised by surface-active agents in both aromatic and aliphatic hydrocarbons. It was found in this work that the size-range of the particles, and the magnitudes of the coherent scattering length of the core and the shell made them excellent systems for study by small-angle neutron scattering. An additional useful feature was the ability to examine the systems in mixtures of hydrogenated and deuterated dispersion media [7, 8, 11, 12] .
In this work we have examined the preparation and properties of magnesium carbonate particles stabilised by an alkyl-aryl sulphonic acid in an aliphatic hydrocarbon.
Experimental
Materials h18-octane was BDH laboratory grade material. dis-octane was obtained from the Aldrich Chemical Company as 98 + atom % D.
The methanol, acetone, heptane and toluene were all hydrogenated-materials and were obtained as BDH laboratory grade solvents.
The surface-active agent was an alkyl-aryt sulphonic acid of molecular weight ca. 500. This material and a commercialgrade hydrocarbon with a viscosity of 30 centistokes at 40 ~ were supplied by Exxon Chemical. GL 995 This consisted of a round-bottomed flask equipped with five inlets. Through the various inlets were inserted a copperconstantan tbermocouple, a stirring paddle, a gas-distribution tube and a condenser. The thermocouple was connected to a West Gardian temperature-control unit which monitored and maintained the pre-selected reaction temperature. This was in turn connected to the heating mantle which contained the flask.
Preparation of magnesium carbonate dispersions
A mixture of an alkyl-aryl sulphonic acid (365 g) and toluene (720 g) was placed in the reaction vessel and homogenised by stirring. Methanol (13 g) was added and the temperature was stabilised at 25 ~ Magnesium oxide (154 g) was added to this mixture over a period of 10 min, during which time the temperature rose and was stabilised at 40 ~ once all the oxide had been added. A solution of an amine catalyst (89 g) was then added, followed by a mixture of methanol (82.5 g) and water (110 g). Carbon dioxide (175 g) was then passed through the aerator in the mixture at a rate of 39 g/h. This was an exothermic process and the temperature increased to above 60 ~ On completion of the carbonation, a commercial-grade hydrocarbon solvent was added. The temperature was then raised in a regulated manner and a condenser was fitted to the reaction vessel for a distillation. The distillation process was then continued under vacuum at a temperature of 165 ~ for 105 min until the methanol, water and toluene had been driven off. Finally, a small amount of filter-aid was added to the hot mixture and it was filtered under pressure.
In order to concentrate the sample, the colloidal particles were diluted by heptane and acetone added until the mixture became turbid. The precipitate formed was centrifuged and the supernatant discarded. The sediment was then rotary evaporated to remove the heptane and acetone. The remaining residue was a glassy form and by titration against 0.1 tool din-3 perchloric acid the concentration of magnesium carbonate was found to be 47.5% wt/wt. The samples for scattering studies were prepared by redispersing known amounts of the solid material in appropriate mixtures of hisoctane and dis-octane.
Small-angle neutron scattering
All the scattering measurements were carried out using the LOQ dif-fractometer at the ISIS unit of the Rutherford-Appleton Laboratory [13] . The samples were examined in optical-quality quartz cells having a path length of I mm. LOQ is a time-of-flight instrument operated from a pulsed source of neutrons. An area detector 4.2 m from the sample collected data for neutron wavelengths of 2.0-10.0 ~t. After allowing for the wavelength dependence of the sample transmission and the detector efficiencies, absolute scattering intensities ~X/af2 were obtained [13] as a function of Q. The scattering vector of magnitude Q was defined by Q = 4n sin (0/2)/2 ,
with 0 being the scattering angle. The Q-range examined was ca. 0.01 to 0.23 A-1.
Concentric sphere particles
For this geometry the core particle can be defined (as previously [7, 8] ) as having a radius R c and a coherent neutron-scattering length density of Pc, with an outer shell of thickness ~, and a coherent scattering length density Ps. Thus, the total radius of the particle R~r is given by Rc + 3.
The basic scattering equation for the intensity of scattering of a system of Np concentric-sphere particles can be written in the form
where Pm is the coherent scattering length density of the medium. A 1 and A 2 are defined by
and
such that, V T = 47t(R c + ~)3/3 and Vc = 4nR3/3 9
The volume fraction of the system can also be defined as
for dilute dispersions with V m being the volume of the dispersion medium.
Polydispersity
Polydispersity of the core particles was taken into account using a zeroth-order log normal distribution, namely, exp[ --(ln Ro --In Rm)2/2o "2] p(Rc) = (27z)1/2 ~ exp(o.2/2) ,
where p (Re) gives the proportion of core particles of radius R e with Rm the mean modal core radius and a 0 a parameter describing the width and skewness of the distribution [14] .
Results

Materials
The basic materials used in this work were particles of magnesium carbonate, an alkyl-aryl sulphonic acid, h18-0ctane and d~8-0ctane. The chemical formulae and coherent neutron scattering densities p for these materials are listed in Table 1 .
SANS studies
The results obtained on samples containing 1% of magnesium carbonate by weight in h18-octane , 60% d-octane + 40% h18-octane , 80% dis-octane
